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Plant viruses depend on the host translational machinery to establish their infectious cycle. In a recent
Nature publication, Zorzatto et al. (2015) highlight the suppression of the protein synthesis process as an
antiviral defense mechanism in plants.As plants do not possess specialized
defense cells, immunity in plants relies
on the capacity of every cell to detect
pathogens and activate defense re-
sponses. One of the major plant defense
mechanisms against pathogenic viruses
is based on RNA interference, in which
the host cellular machinery targets virus-
derived nucleic acids (Nicaise, 2014).
In addition, Resistance (R) proteins recog-
nize virus avirulence factors and trigger
an array of physiological and biochemical
defense processes broadly targeting
pathogens (Nicaise, 2014).
Plant-virus compatibility is defined by
the ability of viral agents to recruit cellular
proteins required for the completion of
their infectious cycle. Indeed, as acellular
parasites with a restricted genome that
encodes only a few proteins, plant viruses
depend almost exclusively on host meta-
bolism for multiplication and invasion.
Thus, viruses face the challenge of
hijacking the host machinery at each
step of their infection cycle, while they
also have to cope with the arsenal of plant
defense mechanisms.
Geminiviruses, which include bego-
moviruses, constitute one of the largest
and most successful families of plant
viruses. Their single-stranded DNA cir-
cular genomes are packed in twinned
isometric particles and are converted
to double-strand forms in the nucleus
of infected cells. In the last decades,
various strategies employed by viruses
to suppress plant immune mechanisms
have been uncovered through the iden-
tification of host functions subverted
by viral proteins. Likewise, the identifi-
cation of cellular interactors of gemini-
virus nuclear shuttle proteins (NSPs)has recently revealed the existence of
a novel defense pathway against viruses
in plants.
Initially named after their characteriza-
tion as virulence targets of begomovi-
ruses through their interaction with viral
NSPs, NIKs (NSP-interacting kinases)
are plasma membrane-localized leucine-
rich repeat (LRR) receptor-like kinases
(RLKs) carrying a functional serine/threo-
nine kinase domain (Fontes et al., 2004).
In Arabidopsis, they are encoded by
a small multigenic family belonging to
the LRR-RLKII subfamily and comprise
the genes NIK1 (At5g16000), NIK2
(At3g25560), and NIK3 (At1g60800). The
function of NIK proteins in countering
virus infection was first revealed by the
enhanced susceptibility of nik-deficient
plants to begomovirus infection (Fontes
et al., 2004). NSP-NIK interaction during
plant infection was shown to increase
virus pathogenicity (Fontes et al., 2004).
Over the years, new insights into the
components and regulatory mechanisms
of the NIK-mediated pathway have
emerged, especially through the charac-
terization of NIK1 signaling. Thus, during
geminivirus infection, NIK1 oligomerizes
and transphosphorylates the kinase
domain on a key threonine residue at
the position 474 (T474), leading to NIK1
kinase activation (Carvalho et al., 2008;
Santos et al., 2009). Once activated,
NIK1 phosphorylates the cytoplasmic
ribosomal protein L10 (RPL10), which
subsequently relocates to the nucleus
to mount a defense response that nega-
tively impacts virus infection (Carvalho
et al., 2008). The binding of virus-encoded
NSPs on the NIK1 kinase domain pre-
vents T474 phosphorylation, interruptingCell Host & MicrobNIK1 downstream signaling by trapping
RPL10 within the cytoplasm and ulti-
mately enabling virus proliferation and
spread (Santos et al., 2009; Figure 1).
To gain further mechanistic insights
into the role of NIK1 in antiviral immunity,
Zorzatto et al. (2015) used Arabidopsis
transgenic lines expressing the NIK1
phosphomimetic gain-of-function mutant
T474D and investigated immediate down-
stream events in the pathway. Whereas
the expression of typical defense marker
genes associated to gene silencing, sali-
cylic acid, or PAMP-triggered immunity
(PTI) pathways was not modulated by
NIK1 activation, transcriptomic analyses
on T474D plants revealed a downregu-
lation of genes involved in protein trans-
lation, suggesting that NIK1 negatively
regulates the host translational machin-
ery. This hypothesis was confirmed by a
decrease in global in vivo protein synthe-
sis upon NIK1 activation, correlating with
a reduction of both polysome and mono-
some fractions. Polysome loading of viral
mRNAs in the T474D-infected leaves
seems to be severely reduced, suggest-
ing that the translation of viral transcripts
is strongly impaired by NIK1-mediated
signaling. To directly connect NIK1
signaling pathway with the downregula-
tion of translational-machinery-related
genes, the authors searched for RPL10
nuclear partners and identified a MYB-
domain-containing transcription factor
named LIMYB. The interaction between
LIMYB and RPL10 results in the formation
of a transcriptional repressor that specif-
ically suppresses the expression of ribo-
somal protein (RP) genes through the
binding of LIMYB on RP gene promoters,
consequently downregulating host globale 17, April 8, 2015 ª2015 Elsevier Inc. 417
Figure 1. Model of NIK1-Mediated Defense in Plants
After virus particles enter into plant cells, the ssDNA (single-stranded DNA) circular genome is released
(1) and becomes double stranded during the replication step (2). The dsDNA (double-stranded DNA)
is transcribed into mRNAs (3) that are subsequently integrated into the host translational machinery for
viral protein synthesis (4). Unknown virus infection-associated signal(s) trigger(s) NIK1 homodimerization,
and transphosphorylation of the kinase domain at threonine 474 (T474), leading to NIK1 kinase activation
(5). Activated NIK1 phosphorylates the cytoplasmic protein RPL10 (6), leading to RPL10 translocation
into the nucleus (7), where it binds the transcription factor LIMYB (8). The LIMYB-RPL10 transcriptional
complex blocks the expression of ribosomal protein genes (9), which impacts host cell protein translation
negatively and consequently blocks the synthesis of viral proteins (10). As a countermeasure, the viral
protein NSP blocks NIK1 functions by interacting with its kinase domain, thus restoring viral protein
translation (11).
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Previewstranslation and limiting virus infection.
Altogether, these results demonstrate
that the NIK1-mediated pathway controls
protein synthesis in cells infected by be-
gomoviruses, providing a new paradigm
for antiviral defenses in plants.
Data presented in this work are signifi-
cant in two respects. First, what emerges
is a stepwise model of NIK1-mediated
defense (Figure 1) in which NIK1 kinase
activity and NSP counteraction together
illustrate the arm race between viruses
and their hosts. The NSP-NIK interaction
is conserved for geminivirus NSPs
and NIK homologs from different hosts
(Santos et al., 2010; Brustolini et al.,
2015), suggesting that NIK-mediated anti-
viral immunity may represent a general
defense mechanism successfully over-
come by plant viruses. Hence, NSP-NIK
interaction could constitute a molecular
target for the development of a broad418 Cell Host & Microbe 17, April 8, 2015 ª2spectrum resistance strategy in the future
(Brustolini et al., 2015). Second, Zorzatto
and colleagues unraveled the signaling
cascade associated with an antiviral
defense-related plant RLK. Over the past
15 years, plant immunity against non-viral
pathogens has been strongly associated
with RLKs, which either function as
pattern recognition receptors (PRRs) that
perceive pathogen-associated molecular
patterns (PAMPs) or regulate signaling
downstream of PRRs. Among them, the
LRR-RLKII subfamily member BAK1
(BRI1-associated kinase 1) plays a key
role in PTI in many different pathosystems
including viruses (Kim et al., 2013; Kørner
et al., 2013). NIK proteins, which belong
to the same subfamily, are now proved
by the authors to be involved in a plant
antiviral mechanism, expanding the
conceptual relevance of the LRR-RLKII
subfamily in plant-pathogen interactions.015 Elsevier Inc.Irrespective of whether virus genomes
are RNA or DNA, and regardless of
the host organism, the synthesis of viral
proteins is absolutely crucial for the
infection success, and numerous trans-
lational factors are hijacked by both ani-
mal and plant viruses in favor of their
multiplication (Walsh and Mohr, 2011;
Nicaise, 2014). Furthermore, viruses not
only ensure that viral proteins will be pro-
duced, but also adopt various strategies
to subvert host cellular functions. This
includes the shutoff of the host cap-
dependent protein synthesis, as reported
for many animal viruses (Walsh and Mohr,
2011). In this context, Zorzatto and
colleagues report the suppression of
protein translation as a plant antiviral
immunity pathway, which is successfully
targeted by geminiviruses to enable host
colonization.
Similar to other LRR-RLKII subfamily
members that act as co-receptors for
stimulus-dependent ligand-binding re-
ceptors, NIK1 might regulate cellular
pathways through its interaction with as
yet unidentified RLKs. The fact that the
modulation of NIK expression leads to
classical phenotypes that antagonize
those associated to the RLK BRI1
(Brassinosteroid-insensitive 1), a steroid
phytohormone receptor involved in plant
development, could suggest that NIK1 is
involved in the BR11-dependent pathway
(Santos et al., 2010). The molecular
basis for such cross-talk is yet to be
demonstrated.
The nature of the molecular signal
triggering NIK1 activation during plant
infection is currently unknown. Whether
it corresponds to a stress-related mole-
cule released by infected cells or to a
virus-derived molecule has yet to be
revealed. Even if T474D-associated tran-
scriptomic analyses did not reveal any
classical PTI markers (Zorzatto et al.,
2015), given NIK1 structure and function
it is reasonable to consider that NIK1
might be activated by a plant PRR
specialized in virus PAMP perception.
Moreover, the fact that BAK1 has been
recently involved in plant-virus interac-
tions (Kørner et al., 2013) raises the
question of possible connections be-
tween BAK1 and NIK1 pathways during
virus infection. Answers to all these
questions should provide important in-
sights into plant antiviral immunity and
will be of particular interest.
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Autophagy regulates the degradation of both cellular components and invading intracellular pathogens. In
this issue ofCell Host &Microbe,Maurer et al. (2015) reveal that cellular autophagy decreases host sensitivity
to Staphylococcus aureus a-toxin via reduced expression of the toxin receptor ADAM10, thus rendering the
host tolerant to disease.Autophagy is a conserved host cellular
process that targets intracellular contents
for degradation at a basal level under
nutrient-rich conditions and is highly upre-
gulated during times of cellular starvation.
In addition to its housekeeping function,
autophagy is awell-appreciated innate im-
munemechanismfor the targeteddestruc-
tion of intracellular bacteria. The formation
of a double-membrane autophagosomal
compartment encapsulates the invading
organism to restrict bacterial growth and
permit delivery to the lysosome for degra-
dation. Bacteria have evolved an array
of mechanisms to alter the autophagic
process, including inhibition of signaling,
blockade of autophagosomal assembly,
and production of virulence factors that
conceal the bacteria from recognition and
prevent lysosomal fusion (Huang and Bru-
mell, 2014). Staphylococcus aureus is a
formidable human pathogen owing to its
ability to cause invasive pneumonia andsepsis, resulting in significant morbidity
and mortality. S. aureus a-toxin is a highly
conserved exotoxin that plays a vital role
in the progression of both intrapulmonary
and intravascular infection, contributing
to pathogen-associatedmortality (Bubeck
Wardenburg et al., 2007; Powers et al.,
2012). Limited in vitro studieshavedemon-
strated that a-toxin upregulates auto-
phagy, allowing for bacterial replication
in the autophagosome and escape into
the cytosol (Mestre et al., 2010; Schnaith
et al., 2007); however, the precise contri-
bution of host autophagy to progression
of staphylococcal infection in vivo had re-
mained elusive.
In the current issue of Cell Host &
Microbe, Maurer et al. utilize autophagy-
deficient ATG16L1 hypomorphic mice to
address the role of autophagy during
invasive S. aureus disease. The authors
uncover that autophagy mutants display
increased mortality during both intrave-nous and intrapulmonary S. aureus infec-
tion, a stark contrast to the group’s previ-
ous observation of protection following
Citrobacter rodentium infection (March-
iando et al., 2013). Surprisingly, the
increased death and organ damage de-
tected in S. aureus-infected mice does
not correlate with increased bacterial
burden, suggesting that the mechanism
of increased susceptibility is independent
of the most widely proposed innate im-
mune function of autophagy-mediated
bacterial clearance. Given the well-char-
acterized contribution of a-toxin to the
pathogenesis of pneumonia and sepsis,
the authors tested disease progression
in autophagy hypomorphs utilizing strains
of S. aureus lacking the toxin. These ex-
periments not only reveal that the hyper-
sensitivity of autophagy-deficient mice is
lost during infection with the isogenic
mutant, but autophagy-deficient mice
are in fact more tolerant to toxin-deficiente 17, April 8, 2015 ª2015 Elsevier Inc. 419
